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(S) Surface acoustic wave filter. 

(57) A SAW filter includes a first SAW resonator (21, R1A, R1B) having a pair of terminals and a 
predetermined resonance frequency (f^), the first SAW resonator being provided in a parallel arm (24) of 
the SAW filter. A second SAW resonator (23) has a pair of terminals and a predetermined resonance 
frequency (f re ) approximately equal to a predetermined antiresonance frequency of the first SAW 
resonator (f ap ). The second SAW resonator is provided in a series arm (24) of the SAW filter. An 
inductance element (25, L1) is connected in series to the first SAW resonator. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention generally relates to surface acoustic wave (SAW) filters, and more particularly to 

a ladder-type SAW filter suitable for an RF (Radio Frequency) filter provided in pocket and mobile telephones, 
such as automobile phones sets and portable phones. 

2. Description of the Prior Art 

10 

In Japan, an automobile phone or portable phone system has a specification in which a transmission fre- 
quency band is ±8.5MHz about a center frequency of 933.5MHz. The ratio of the above transmission band to 
the center frequency is approximately 2%. 

Recently, SAW f ilters have been employed in automobile phone or portable phone systems. It is required 

15 that the SAW filters have characteristics which satisfy the above specification. More specifically, it is required 
that the pass band width is so broad that 1) the ratio of the pass band to the center frequency is equal to or 
greater than 2%, 2) the insertion loss is small and equal to 5dB - 2dB, and 3) the suppression factor is high 
and equal to 20dB - 30dB. 

In order to satisfy the above requirements, SAW filters are substituted for conventional transversal filters. 

20 Generally, SAW elements are so connected that a ladder-type f ilter serving as a resonator is formed. 

Fig. 1 is an equivalent circuit of a SAW filter disclosed in Japanese Laid-Open Patent Publication No. 52- 
19044. A SAW filter 1 shown in Fig. 1 comprises a SAW resonator 3 in a series arm 2, and a SAW resonator 
5 in a parallel arm 4. The equivalent parallel capacitance C 0 b of the resonator 5 in the parallel arm 4 is larger 
than the equivalent parallel capacitance C 0 a of the resonator 3 in the series arm 2. 

25 The SAW filter 1 shown in Fig. 1 has a characteristic shown in Fig. 2. A curve 6 shows an attenuation quan- 
tity v. frequency characteristic of the SAW filter 1. As indicated by arrows 7 shown in Fig. 2, the suppression 
factor increases as the equivalent parallel capacitance C oa increases. However, as the equivalent parallel ca- 
pacitance Cqb increases, the band width decreases, as indicated by arrows 8, and the insertion loss increases, 
as indicated by an arrow 9. Hence, the characteristic deteriorates, as indicated by a broken line 1 0. When trying 

30 to obtain a suppression factor equal to or larger than 20dB, the band width is decreased so that the ratio of 
the pass band to the center frequency is equal to or smaller than 1 %, and does not satisfy the aforementioned 
specification of the 800MHz-band radio systems. 

SUMMARY OF THE INVENTION 

35 - - 

It is a general object of the present invention to provide a SAW filter in which the above disadvantages 
are eliminated. 

A more specific object of the present invention is to provide a SAW filter having a large band width, a large 
suppression factor, and a small insertion loss. 

40 The above objects of the present invention are achieved by a SAW filter comprising: a first SAW resonator 
(21, R1A, R1B) having a pair of terminals and a predetermined resonance frequency (f,,,), the first SAW res- 
onator being provided in a parallel arm (24) of the SAW filter, a second SAW resonator (23) having a pair of 
terminals and a predetermined resonance frequency (f re ) approximately equal toa the predetermined antire- 
sonance frequency of the first SAW resonator (fep), the second SAW resonator being provided in a series arm 

45 (24) of the SAW filter, and an inductance element (25, L1) connected in series to the first SAW resonator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the present invention will become more apparent from the fol- 
50 lowing detailed description when read in conjunction with the accompanying drawings, in which: 

Fig. 1 is an equivalent circuit diagram of a conventional SAW filter; 

Fig. 2 is a graph of a characteristic of the conventional SAW filter shown in Fig. 1 ; 

Fig. 3 is a circuit diagram of a SAW filter according to the present invention; 

Fig. 4 is a block diagram of the basic structure of a filter circuit using a resonator; 
55 Figs. 5A, 5B and 5C are diagrams showing a one-terminal-pair SAW resonator; 

Fig. 6 is a diagram showing frequency characteristics of impedance and admittance of the one-terminal - 

pair SAW resonator, 

Fig. 7 is a diagram showing an immrttance charact ristic of a SAW resonator and a f ilt r characteristic of 
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the filter shown in Fig. 3 using that SAW r sonator; 

Figs. 8A and 8B are diagrams showing the characteristics of the conventional SAW filter shown in Fig. 1; 
Figs. 9A and 9B are diagrams showing effects obtained when an inductance is connected in series to a 
resonator; 

5 Fig. 1 0 is a diagram showing effects obtained when n one-terminal-pair resonators are connected in series; 

Figs. 11 A and 11 B are diagrams showing an aperture length dependence on a parallel-arm resonator; 

Figs. 12Aand 12B are diagrams showing an aperture length dependence on a series-arm resonator; 

Fig. 13 is a circuit diagram of a SAW filter according to a first embodiment of the present invention; 

Fig. 14 is a diagram showing a band characteristic of the filter shown in Fig. 13; 
10 Figs. 15A and 15B are diagrams showing effects obtained when an inductance is added to a parallel-arm 

resonator; 

Fig. 16 is a plan view of the structure of the SAW filter shown in Fig. 13 with a lid removed therefrom; 
Fig. 17 is a cross-sectional view taken along a line XVII-XVII shown in Fig. 16; 
Fig. 18 is a diagram of a SAW according to a second embodiment of the present invention; 
is Fig. 1 9 is a diagram showing a band characteristic of the filter shown in Fig. 18; 

Figs. 20A and 20B are diagrams showing effects based on the ratio of the aperture length of the parallel- 
arm resonator to the aperture length of the series-arm resonator; 

Fig. 21 is a diagram of a SAW filter according to a third embodiment of the present invention; 

Fig. 22 is a diagram showing a band characteristic of the filter shown in Fig. 21; 
20 Fig. 23 is a diagram of a SAW filter according to a fourth embodiment of the present invention; 

Fig. 24 is a diagram showing a band characteristic of the filter shown in Fig. 23; 

Fig. 25 is a circuit diagram of a SAW filter according to a fifth embodiment of the present invention; 

Fig. 26 is a diagram showing a band characteristic of the filter shown in Fig. 25; 

Fig. 27 is a circuit diagram of a SAW filter according to a sixth embodiment of the present invention; 
25 Fig. 28 is a diagram showing a first one-terminal-pair SAW resonator shown in Fig. 27; 

Fig. 29 is a diagram showing a band characteristic of the filter shown in Fig. 27; 

Fig. 30 is a diagram showing the influence of the reflector setting position on the width of a ripple; 

Fig. 31 is a plan view of the structure of the SAW filter shown in Fig. 27 with a lid removed therefrom; 

Fig. 32 is a diagram showing a variation of the f irst one-terminal-pair SAW resonator shown in Fig. 27; 
30 Fig. 33 is a diagram showing another variation of the first one-terminal-pair SAW resonator shown in Fig. 

27; 

Fig. 34 is a circuit diagram of a SAW filer according to a seventh embodiment of the present invention; 
Fig. 35 is a diagram showing the relation between the film thickness of the electrode and the ripple oc- 
currence position; 

35 Fig. 36 is a diagram showing a state in which a ripple arising from reflectors of a parallel-arm resonator 

has been dropped into a high-frequency attenuation pole; 

Figs. 37A, 37B and 37C are diagrams showing a film thickness' dependence on the pass band character- 
istic of a resonator-type f ilter, 

Fig.38 is a diagram showing the results of an experiment concerning the film thickness' dependence on 
40 the insertion loss and the ripple occurrence position; 

Fig. 39 is a diagram of a first one-terminal-pair SAW resonator according to an eighth embodiment of the 
present invention; 

Fig. 40 is a diagram showing a band characteristic of the SAW filter shown in Fig. 39; 

Fig. 41 is a diagram showing a variation of the first one-terminal-pair SAW resonator used in the eighth 
45 embodiment of the present invention; 

Fig. 42 is a plan view of a structure which realizes inductors used in the filter shown in Fig. 13; 

Fig. 43 is a diagram of another structure which realizes inductors used in the filter shown in Fig. 13; 

Fig. 44 is a circuit diagram of a SAW filter according to an eleventh embodiment of the present invention; 

Fig. 45 is a perspective view of the SAW filter shown in Fig. 44; 
50 Fig. 46 is a diagram showing an immittance characteristic of a SAW resonator in which the resonance fre- 

quency is higher than the antiresonance frequency; 

Figs. 47A, 47B and 47C are diagrams showing variations in the band characteristic of the ladder-type filter 
observed when the difference between the resonance frequency and the antiresonance frequency in- 
creases from zero; 

55 Figs. 48A and 48B are diagrams showing how to measure the characteristics of the SAW resonator; 

Fig. 49 is a graph showing admittance and immittance characteristics of SAW resonators in the series arm 
and the parallel arm; 

Fig. 50 is a diagram showing th fr qu ncy* d pendence on the product of bx; 
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4. Two black boxes 30 and 31 shown in F.g 4 are " reactance circui ts having no resis- 

the following equation has the important mean.ng: _ 

xp(x) = VVrli/Vrb (1) 
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where Vj and l t denote an input voltage and an input current respectively, and V 2 and l 2 denote an output 
voltage and an output current, respectively. The equation (1) can be rewritten as follows: 

tanh(x) = tanh(a+jP) 
5 = /(B-CJ/CA-D) (2) 

where A, B, C and D denote parameters of an F matrix showing the whole circuit shown in Fig. 4. When the 
value expressed by the equation (2) is an imaginary number, the two-terminal-pair circuit shown in Fig. 4 has 
w a pass band characteristic. With the above value being a real number, the circuit shown in Fig. 4 has an at- 
tenuation characteristic. The ABCD parameters can be rewritten using the above-mentioned x and b: 

A = 1 

15 B = jx 

C = jb 

D = 1 - bx < 3 ) • 

20 Hence, the following equation (4) can be obtained from the equation (2) using the above ABCD parameters: 

tanh(x) = Vbx/(bx-1) (4). 
When 0 < bx < 1, that is, when b and x have the same sign and are small values, the entire circuit shown in 
Fig. 4 has a pass band characteristic. When bx < 0 or bx > 1 , that is, when the b and x have different signs or 
the product of bx is a large value, the circuit shown in Fig. 4 has an attenuation characteristic. 

25 In order to qualitatively understand the frequency characteristics of b and x, the impedance and admittance 

of the SAW resonators wilt not be considered. 

As shown in Fig. 5 A a SAW resonator having a pair of terminals comprises an interdigital electrode 40 
(see "Nikkei Electronics", November 29, pp.76 - pp.98, 1 976). A reference number 41 indicates a pair of elec- 
trodes, 42 indicates an aperture length (crossing width), and 43 indicates an interdigital electrode period. When 

30 the resistance of the interdigital electrode 40 is neglected, the SAW resonator shown in Fig. 5A has an equiv- 
alent circuit 45 shown in Fig. 5B, in which C 0 denotes the electrostatic capacitance of the interdigital electrode 
40, d and Lj denote equivalent constants. Hereinafter, the equivalent circuit45 is depicted by symbol 46 shown 
in Fig. 5C. 

Fig. 6 qualitatively shows an impedance vs. frequency characteristic (A) of the equivalent circuit shown in 
35 Fig. 5B, and an admittance vs. frequency characteristic (B) thereof. The characteristics shown in (A) and (B) 
of Fig. 6 are double resonance characteristics in which two resonance frequencies f r and f a exist It will be noted 
that a resonator having a crystal has a double resonance characteristic. When the resonators respectively hav- 
ing a double resonance characteristic are arranged in the series and parallel arms, respectively, and an anti- 
resonance frequency f ap of the parallel arm is made approximately equal to a resonance frequency f re of the 
series arm, a circuit can be configured which has a band-pass-type filter characteristic having the center fre- 
quencies fap and f re . This is because, as shown in an immittance vs. frequency characteristic shown in (A) of 
Fig. 7, the relation 0 < bx < 1 is satisfied in a frequency range around the center frequency f ap » f re and that 
frequency range is a pass band, while the relation bx >1 is satisfied in a frequency range slightly away from 
the center frequency and the relation bx <0 is satisfied in a frequency range faraway from the centerfrequency, 
the latter two frequency ranges serving as attenuation bands. Hence, the SAW filter shown in Fig. 4 has a 
qualitative filter characteristic 47 shown in (B) of Fig. 7. 

A description will now be given of the factors that determine the band width in the resonator-type SAW 
filters. As is seen from Fig. 7, the band width is mainly dependent on the difference between the resonance 
frequency f r and the antiresonance frequency f a of each of the two resonators. The band width increases as 
the above difference increases, while the band width decreases as the difference decreases. The resonance 
frequency f r and the antiresonance frequency f B can be determined using the following equations, using the 
equivalent circuit constants shown in Fig. 5B: 

f r = 1/2» W(dxU) (5) 

55 f a = f r -V(1 + 1/t) (6) 

t = CVd (7) 

where x denotes the capacitance ratio. The ratio of the pass band to the center frequency (Af/f 0 ) is mainly de- 
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pendent on the difference b tween f r and f 9 , and is ther for expressed in the following xpression, using the 
quations (6) and (7): 

s 2/(4x+l) < 8 > • 

It can be seen from the equation (8) that the capacitance ratio t is the main factor which determines the 
ratio of the pass band to the center frequency. However, as setforth in Japanese Laid-Open Patent Publication 

10 No. 52-1 9044, the capacitance ratio is much dependent on the type of substrate material used for the interdi- 
gital electrode. For example, an ST-cut crystal having a small electromechanical coupling coefficient has a ca- 
pacitance ratio x equal to or greater than 1 300, while a 36° Y-cut X-propagation LiTa0 3 substrate having a large 
electromechanical coupling coefficient has a capacitance ratio x of approximately 15. The ratio of the pass 
band to the center frequency is 0.04% for ST-cut crystal, and 3.3% for the 36° Y-cut X-propagation LiTa0 3 sub- 

15 strate. Hence, the band width is much dependent on the substrate material. 

The band width decreases as the equivalent parallel capacitance Cob increases in order to improve the 
side lobe suppression factor according to Japanese Laid-Open Patent Publication No. 52-19044. 

The above phenomenon will now be described with reference to Figs. 8Aand 8B. As is seen from the pre- 
vious description of the principle of the present invention, as the admittance value increases while f r and f B of 

20 the parallel resonator are kept constant, the product of bx has a negative sign and increases, as shown in Fig. 
8A However, the bx product increases around the center frequency, and hence the range of bx>1 increases. 
Hence, the pass band in which the relation 0 < bx < 1 stands is narrowed, and a sufficient pass band cannot 
be obtained. This phenomenon is indicated by arrows in Fig. 8B. 

The following two conditions must be satisfied in order to eliminate the above disadvantages. The first con- 

25 dition is to increase the difference between the resonance frequency f r and the antiresonance frequency f a in 
at least one of the resonators provided in the series and parallel arms. The second condition is to increase 
either the impedance or admittance of the above-mentioned one of the resonators. As the impedance or ad- 
mittance increases, the side lobe attenuation quantity increases. When the above two conditions are satisfied, 
the side lobe attenuation quantity can be improved while the pass band is improved or prevented from being 

30 narrowed. 

Regarding the first condition, it is effective to provide an inductor L connected in series to a SAW resonator 
having a pair of terminals in order to increase the difference between f r and f a . Figs. 9A and 9B respectively 
show an impedance vs. frequency characteristic of a SAW filter in which an inductor having an inductance of 
8nH is connected to a resonator, and an admittance vs. frequency characteristic thereof. The parameters of 
35 the equivalent circuits of the SAW resonators used for obtaining the characteristics are illustrated in Figs. 9A 
and 9B. 

Fig. 9A shows an impedance characteristic curve 50 obtained before the inductor L is connected to the 
resonator, and an impedance characteristic curve 51 obtained after the inductor is connected thereto. Fig. 9B 
shows an admittance characteristic curve 52 obtained before the inductor L is connected to the resonator, and 

40 an admittance characteristic curve 52 obtained after the inductor L is connected thereto. 

It can be seen from Fig. 9Athatthe inductance L increases the distance between the resonance frequency 
f r and the antiresonance frequency f a . In the graph of Fig. 9A, the distance is increased by approximately 
30MHz. This is because, as shown in Fig. 9A, the inductance L functions to shift the impedance characteristic 
curve of the original resonator upwards to the plus side by © L, and hence the resonance frequency f r changes 

45 to f/. In this case, the antiresonance frequency f a has little variation. The admittance, which is the reciprocal 
of the impedance, changes, as shown in Fig. 9B. In this case, the resonance frequency f r changes to f r '. 

Regarding the aforementioned second condition, the admittance value increases due to the inductance 
L, as shown in Fig. 9B. However, as shown in Fig. 9A, the impedance value decreases in frequencies outside 
of the pass band. Hence, if the inductance L is added to the resonator provided in the series arm, it is necessary 

so to provide an additional means for increasing the impedance value. The above additional means is, for exam- 
ple, an arrangement in which a plurality of identical SAW resonators are connected in series to each other (cas- 
caded). 

Fig. 10 shows an impedance characteristic curve 56 of a resonance arrangement in which n identical SAW 
resonators, each having a pair of terminals, are cascaded. As shown in Fig. 10, the impedance value of the 
55 resonance arrangement having the n cascaded resonators is n times that of the single resonator. The reso- 
nance frequency of the resonator with the inductor L connected thereto is f r \ That is, the difference between 
f r " and f a of the resonance arrangement with the inductor L connected thereto is slightly smaller than the dif- 
ference between f r ' and f B of a single resonator with the inductor L connected thereto. However, the difference 
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133 respectively disposed on both sid s of th lectrode 131. The reflectors 132 and 133 are positioned so 
that p = 0.4 in which p is obtained from th following equation: 

d = (n + p)-A. 

where d is the distance between the center of the electrode 131 and each of the reflectors 132 and 133, n is 
5 an arbitrary integer, p is a real number equal to or less than 1, and X is the period of the interdigital electrode 
131 corresponding to its resonance frequency. 

The number of finger pairs of each of the reflectors 1 32 and 1 33 is 50. The resonators respectively equip- 
ped with the reflectors are indicated by the symbol **" shown in Fig. 27. The resonators R3B and R5B respec- 
tively provided in the parallel arms 63 and 64 respectively have two reflectors in the same manner as the res- 
10 onatorRIB. 

The filter 130 shown in Fig. 27 has a band characteristic indicated by a curve 134 shown in Fig. 29. As 
compared to the characteristic curve 65 of the filter 60 (Fig. 13), the insertion loss in the filter 130 is improved, 
as indicated by an arrow 135. A ripple r p arises from the arrangement of the reflectors 132 and 133. 

A description will now be given of the reason why the reflectors 132 and 133 are arranged in the above- 
15 mentioned manner. The influence of the ripple r p observed when p is changed from 0 to 0.5 is illustrated by a 
curve 140 shown in Fig. 30. The smallest ripple width can be obtained at a point 141 at which p is 0.4. 

Fig. 31 shows a SAW filter device 150 functioning as the filter 130 shown in Fig. 27. In Fig. 31, parts that 
are the same as parts shown in the previously described figures are given the same reference numbers as 
previously. The filter device 150 comprises reflectors 132, 133, 151, 152, 153 and 154. 
20 Variations of the one-terminal-pair SAW resonators R1 B, R3B and R5B will now be described. 

Fig. 32 shows a first variation R1Ba, which comprises interdigital electrodes 160 and 161 respectively ar- 
ranged on both sides of the exciting interdigital electrode 1 31 . Each of the interdigital electrodes 1 60 and 1 61 , 
which functions as a reflector, is an electrode in which the electric load thereof is of a short-circuit type. 
Fig. 33 shows a second variation R1Bb, which comprises strip array type electrodes 167 and 166 respec- 
25 tively arranged on both sides of the electrode 1 31 . 

A description will now be given of a seventh embodiment of the present invention with reference to Fig. 
34, in which parts that are the same as parts shown in the previously described figures are given the same 
reference numbers. A SAW filter 170 shown in Fig. 34 comprises two SAW resonators R2 and two resonators 
R4 respectively provided in the series arm 61, and three SAW resonators R1B, R3B and R5B respectively 
30 provided in the parallel arms 62, 63 and 64. Two inductors Ls are provided in the series arm 61 , as shown in 
Fig. 34. 

The filter 170 is obtained by replacing the resonators R1, R3 and R5 shown in Fig. 23 with the resonators 
R1B, R3B and R5B shown in Fig. 28. As has been described previously, the reflectors 132 and 133 shown in 
Fig. 28 are positioned so that the condition p=0.4 is satisfied. The filter 1 70 has a loss of the pass band smaller 
35 than that of the filter 110 shown in Fig. 23, and a suppressed ripple. 

Adescription will now be given of an eighth embodiment of the present invention, which is intended to elim- 
inate the ripple r p shown in Fig. 29. First of all, a means for effectively eliminating the ripple r p arising from the 
reflectors will be described. 

The inventors simulated the relationship between the frequencies at which the ripple r p is observed and 
40 the electrode thickness. In the simulation, the effects resulting from increasing the film thickness of the elec- 
trode are replaced by increasing the ratio between the acoustic impedance (Z m ) obtained under the electrode 
and the acoustic impedance (ZJ of the free surface. As described in the aforementioned Ikata document, an 
increase in the electrode thickness increases the weight thereof. Hence, it is possible to consider that an in- 
crease in the electrode thickness is proportional to an increase in a discontinuous quantity of the acoustic im- 
45 pedance. With the above in mind, the following equation was prepared: 

Q = ZJZ m = V„/V m = 1 + k2/2 + a(t) (9) 
where V 0 and V m respectively denote sound velocities on the free surface and under the electrode, k 2 is the 
electromechanical coupling coefficient, and t is the film thickness of the electrode. Then a(t) was changed as 
a parameter proportional to the film thickness L 
so From the equation (9), the center frequency f 0 of the filter is written as follows: 

f 0 = 2f c '/(1 + Q) (10). 

The equation (10) is consistent with the well-known experimental result in which, as the film thickness increas- 
es, the center frequency decreases from the center frequency f 0 ' obtained when there is no discontinuity of 
the acoustic impedance. The results of the simulation show that, as a(t) increases, that is, the film thickness 
55 increases, the frequency position at which the ripple r p appears shifts toward the high-frequency range of the 
pass band, as indicated by an arrow 180 shown in Fig. 35, and finally drops into the attenuation pole on the 
high-frequency side of the pass band. It will be noted that a ripple r 8 shown in Fig. 35 is caused by the reflectors 
of the resonators provid d in the s ries arm. 
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Theinventorsfabncatedch.psandm 186and i 87 for f ilm thicknesses 

to the actual fi,m t^^oectivalyshow band characteristic curve, >« 5 ^ an ° the f|m ^ The 

graphs of Figs. 37A 37B and 37 C : hav > ™ , afms „ supenmposed on tne cies . 

L experimenta, resuits shown in F,gs. 37A ^ ^ ^ ^ 

the simulation. ffom a bulk wav e. which M "f^ACE ACOUSTIC WAVE RESO- 

However, an .nsert.on Knnm . ases (see Ebata et al., SU^ACE AU Journa) 0 f 

sistance loss appear as »»^^Sm APPLICATION TO OSCILLATORS F° R USE p '. 30> 198 8). 

25 totheresistancelosswhenthef.lmth*ne lately 3500A. as a function of the 

,oss starts to increase ^JJJ {EE-til .frequency position f ; of then p^e r as afu 

A curve 193 shown ,n (B) J^J^Sod. «1 «"d the reflectors 132and ^SS^ "° ^ 
identicalfilm thickness of the «*«JJ of R 38 , tnat the optimum « mt ^^™ M „ be normalized 

of aluminum (Al) or a mixture i or ^ 202 and 2 03 is equal to 0.06 - 0.08 ■ shown , n 

46 an exciting interd.grtal elecbode ziv an anQ 213 are made of Au ine P en t io ned 

electrode 211. The electrode 21 andthe jJJJ oetermined , taking -nto account the abo ^ 
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mte rostrip,in 3 220 and 221 are conn ^Y^ES^^ 
220 and 221 is 100pm. and th distance b *^ J^"*^ SSuSi vaiuJ of the microstrip 
When the dielectric constant of the ceramic package 81 is equal to a, tne inoucu* 

lines 220 and 221 are equal to 2nH. embodiment of the present invention 

Ademption will now be given with reference £ F,g. same as parts shown 

which is another structure of the .nducto* : L L2 an d L3Jn *g ^* 1 lines 230 gnd B1 ^ 

in Fig. 16 are given the same *™™™^"J^^^^ cm 82. Terminals 85, and 85^ 
sDectively connected to the resonators R1 and R2 are tormeo on me p 

ceramic package 81 and the microstrip line 230 on the filter ^ch,p 82 h 

ST- fi is selected so that the pass band does not have an erfremely large loss. 

A The previous* described embodiments of tha present inven ,on ^^^^^e 

as this condign is maintained, the pass ^^.J^^^^^^IS^ that b* < 0 



as shown i"F*. ".^ 

onator in the ser.es arm. In order to form the mpu .ana ^ouip p afe ^..^ded so 

third resonator is provided in another parallel arm of the final Stage. A plu amy 

as to form a ladder-type structure in order to nrw»M J^JffJES-Sd incases. Hence, it 
However, the insertion loss '"^^^^^^^X^^^ actual filter spec- 
is preferable to determine the number of base units to be casca ded, mma «" 
motion. Thefilter being considered isintende^ 

or less than 2.5dB is ensured) is increased Ito 40MHz wh.U ^ ^e bana n 

Ess and the in-band ripple increase. Hence an mcrease of tS - J9MHz Is Mthel ML 
The product ^ obtained w^ M^ 

* ation shown in Fig. 48A. and the impedance of the ^TJl^Z^ZT^ce was carried out by 
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shown in Figs. 48A and 48B, and th impedance Zp and the admittanc Y p were calcuiat d. 

A frequency characteristic shown in Fig. 49 was obtain d, which shows the imaginary part of the admit- 
tance or impedance, that is, the value of b or x. The frequency dependence of the product bx is as shown in 
Fig. 50. It can be seen from Fig. 50 that the product bx is negative and is a small value within < f < f re . The 
5 maximum absolute value I bx^ I of the product bx is given when: 

f = Vw£ 

and was equal to 0.06 for the embodiment being considered. That is, when value I bx^ I is equal to or smaller 
than 0.06, the deterioration of the insertion loss can be reduced and the in-band ripple can be suppressed to 
tdB or less. If Af > 19MHz, the value of | bx^t increases, and both the insertion loss and the in-band ripple 
10 will increase to 1dB or greater. This value is not practical. As a result, the value of I bx^^ I is a an upper-limit 
indicator of characteristic deterioration, and determines the allowable value of Af. 

The above consideration will be generalized. Fig, 51 is an equivalent circuit diagram of a ladder-type filter 
obtained by approximating the SAW resonators by the double resonance circuits of LC. The impedance Za of 
the SAW resonator in the series arm and the admittance Y p of the SAW resonator in the parallel arm are ex- 
pressed as follows: 

2 S » jx 



15 



20 



= [-j(4s 2 -^ 2 >" Cos^as 2 -^>] 
= [J CQpC^p 2 -,P 2 )]/(^p 2 -^ 2 ) (12) 



Y p = jb 



where © re , ©*,, ©,p, q)^ are respectively the resonance and antiresonance frequencies of the series-arm res- 
25 onator and the resonance and antiresonance frequencies of the parallel-arm resonator, and x is the capaci- 
tance ratio (inherent in the substrate). The above resonance and antiresonance frequencies as well as the ca- 
pacitance ratio are written as follows: 

(Dm = 2«f re = 1/V CisU,) 

30 (0^ = 2^ = © re Vl + 1/t 

©n> = 2«f ip = lW c 1p L 1p 

CD ap = 27rfap = G>rpVl + 1/* 
T = Cos/C l8 = Cop/C 1p . 

35 The product bx is calculated from the equations (11) and (12) as follows: 

bx = - BVK? - «9<«ta - 2 MCosK 2 - ^Mtoa, 2 - cd*) (13) 
The angular frequency © which makes the product bx have a pole is obtained from d(bx)/d©= 0, and is ex- 
pressed as follows: 

= Voap-C^ (14). 

40 The value obtained by inserting the above into the equation (13) is the maximum value of the product bx in 
the pass band. That is, 

b^W = - [C 0p .(1 + (15) 

where 

A© = © re - © ap = 2rc-Af (16). 
45 Fig. 52 shows a relation between dx^ and Af/f re obtained by plotting the equation (15) as a parameter 
P=Cop/Co3. The hatched area shown in Fig. 52 corresponds to the condition such that the allowable value of 
the product bx is equal to or smaller than 0.06 obtained by the experiment. Hence, the allowable value a of 
Af/f re dependent on P=Cop/Cos can be determined, and is written as follows, by inserting I bx,^ I = 0.06 into 
the equation (1 5): 

50 a = 1/p/P(x2 + T)/0.06 - t (17). 

The capacitance ratio x depends on the substrate material, and is approximately 15 for 36° Y-cut X-prop- 
agation UTa0 3 according to the experiment Hence, the equation (17) can be rewritten as follows: 

a = 6.67x1 0^/(4.22 Vp - 1) (18). 
55 When P - 1 , then a - 0.02, and Af = 19MHz for the embodiment shown in Fig. 47 having f re of 948MHz. That 
is, the equation (18) stands. 

An increase in Af is effective for a piezoelectric substrate material having a small capacitance ratio t, that 
is a substrate material having a large electromechanical coupling coefficient. The equation (17) is obtained for 
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such a substrate material. 

The capacitanc ratio x is proportional to the reciprocal of th lectromechanical coupling coefficient k 2 . 
The value of the ratio x for 64° Y-cut X-propagation LiNb0 3 (k 2 = 0.11) and the value of the ratio x for 41° Y- 
cut X-propagation LiNb0 3 are respectively 6.8 and 4.4. The above values are obtained using the x value of 
5 36° Y-cut X-propagation LiTa0 3 and k 2 = 0.05 (see K. Yamanouchi et al., "Applications for Piezoelectric Leaky 
Surface Wave", 1990 ULTRASONIC SYMPOSIUM Proceedings, pp.11 - pp.18, 1990). 

Fig. 53 shows the relation between the capacitance ratio x and the electromechanical coupling coefficient 
k 2 f which is obtained using the values of k 2 and x of 36° Y-cut X-propagation LiTa0 3 and using such a relation 
that k 2 is proportional to the reciprocal of t. 
10 From the relation shown in Fig. 53, the values of the capacitance ratios x of 64° and 41° Y-cut X-propa- 

gation LiNb0 3 substrates can be obtained and are equal to 6.8 and 4.4, respectively. 

The structure of the embodiment shown in Figs. 44 and 45 will now be described. The SAW filter 240 com- 
prises a 36° Y-cut X-propagation LiNb0 3 substrate 241 , and has dimensions of 1 .5mm x 2mm x 0.5mm. From 
the input side of the filter 240, a parallel-arm resonator Rp1, a series-arm resonator Rs1, a parallel-arm res- 
ts onator Rp2, a series-arm resonator Rs2, and a parallel-arm resonator Rp3 are arranged in that order. Each 
of the resonators has reflectors (short-circuit type) 242 respectively provided on both sides of the electrode 
having an aperture length of 180um and 50 finger pairs. Each of the reflectors 242 has 50 finger pairs. 

The parallel-arm resonators are the same as the series-arm resonators expect for the periods of the in- 
terdigital electrodes. The period Xp of the electrode of each parallel-arm resonator is 4.39um (the ratio between 
20 the pattern width and the gap is 1:1 and hence the pattern width is approximately 1.1 urn ( = V 4 ))- and tne 
period of the electrode of each series-arm resonator is 4.16nm (the pattern width is 1.04nm ( = XJ4)). 

The respective periods are selected using the following equations so that the resonance frequencies (frp, 
f re ) of the respective resonators are equal to the respective predetermined values (frp = 893MHz, f re = 942MHz): 

25 p = VjAp 

where V m is the sound velocity of the surface wave propagating in the 36°Y-cut X-propagation LiTa0 3 crystal 

for an electrode thickness of 3000A, and is experimentally 3920m/s. 

The SAW filter 240 having the above structure has a band-pass characteristic having a broad pass band 

and a low loss, as shown in Fig. 47C, in which Af = 1 9MHz. When only the pattern width \ in Fig. 45 is changed 
30 to 4.35um, then Af becomes 10MHz, and the characteristic shown in Fig. 47B is obtained. The electrode is 

made of an Al-Cu alloy and is 3000A thick, and is arranged so that the surface wave is propagated in the X 

direction of the piezoelectric substrate 241. 

A description will now be given of piezoelectric substrates other than 36° Y-cut X-propagation LiNb0 3 . The 

capacitance ratio x of 64° Y-cut X-propagation UNDO3 is 6.8, and an equation corresponding to the equation 
35 (1 7) is written as follows: 

a = 1.47x10-V4.37Vp - 1) (19). 
The capacitance ratio x of 41° Y-cut X-propagation UNb0 3 is 4.4, and an equation corresponding to the 
equation (17) is written as follows: 
^ a = 2.273x10tV(4.52Vp - 1) (20). 

As the x value decreases, that is, the electromechanical coupling coefficient increases, a increases, and the 
characteristic deteriorates little even if Af increases. 

A description will now be given of a twelfth embodiment of the present invention with reference to Figs. 
54 through 57. A SAW filter 250 according to the twelfth embodiment of the present invention is a ladder-type 
45 SAW filter having a plurality of basic units (unit sections), each having a SAW resonator in the parallel arm 
and a SAW resonator in the series arm, and establishes image impedance matching between adjacent unit 
sections in order to reduce a loss at each connection node. With the above arrangement, it becomes possible 
to reduce the insertion loss in the pass band. 

The twelfth embodiment of the present invention was made with the following consideration. As shown in 
50 Figs. 58A and 58B, a band-pass characteristic can be obtained by means of at least one parallel-arm resonator 
and at least one series-arm resonator. The ladder-type connection comprising one parallel-arm resonator and 
one series-arm resonator is the unit section of the filter. 

It is desirable that the resonance frequency of the series-arm resonator be equal to or higher than the 
antiresonance frequency of the parallel-arm resonator. Two unit sections respectively shown in Figs. 58Aand 
55 58B are available. The series arm of the unit section shown in Fig. 58A series as the input terminal, and the 
series arm of the unit section shown in Fig. 58B serves as the output terminal. A multi-stage connection com- 
prising a plurality of unit sections is categorized into one of three types shown in Figs. 59A, 59B and 59C. Fig. 
59A shows an arrangement in which either the input or the output is a series arm and the other is a parallel 
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foss ncrLes, while the side »*^*™2^£>^<*<*° insert '° n ,0SS " ? TESTS 
m ately zero, the multi-stage connect™ » an effectave mean ^ ^ sectlon , s good. If 

nZes that of the unit section uniess the '^"^^nteSaces between adjacent unit sections (each erf 

^Ca interface between adjacent - £ ^£££1 impedance match between 
Hen* it is important to suppress increase ,n t"*"^" JSi interface between two adjacent unt sect.ons. 
aJjaSnt unit sections and suppressing ^J^SCS impedances of adjacent unit «j*o» A. 

A description will now be g.ven of a .method for -mm * inal constants (four parameters A. 

shown in Fig 60, when two circuits 1 and 2. MCh h h ^'" 8 ^ n ^ irnpe dance matching therebetween «es- 

" — 

as follows: ^p*SJC D 2 (22) 

When the equations (21) and (22) are equa. 
can be obtained: = A«CAW -toi ^ W |i 

isn0tzefO - h ninFio 61B an image impedance ft obtained by viewing the left c,rcu.t from the 

In a connection shown in Fig. 61 b, an imay k 
35 in»e^b- te obtainedasfo..ows,usingthe^^ 

Z,, - VzApCI+W ( ;j |nterfac eb-b' can be obtained using the 

An.mage.pedance^ob^ 

eouation (22). It will be noted that Z a - Z«. Hence n» . h ection shown in Fig. 61C. 

« 22?* the interface b-b< is zero. The above a con ^ ^ |n m m anner shown 

A description will now be given of a method for ca8 ' sa ^ ^ * > 2) , in which the connection method 
inFI^Ts^ 

tZ^^^^^^S^ of Fig. S2, in which two — 
output of the filter has an admittance value naitxna 
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shown in Fig. 54. ana ine y . ara |, e i_ a rm resonators Rpl . Kpz anu y resonators 

Rs2 and Rs3 have an "^""J ^ ch te differentfrom the value of V ent 
have an identical finger penod ^^ 

. n the basic structure shown in Fig. ocjo. me. 
40 S°shor S the curve 215 J*. * to af „ teenth «bo-^-^^^^ 

so onatorsm the senes arms exore ssed as follows: 

55 the impedance of each series-arm resonator « = p + ^ ^ 
Und r the above assumptions, tnerrequ y 
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susceptanc component b (indicated by the dot chain d line) of th admittance Y p of the parall l-arm resonator 
has the largest value at the resonance fr qu ncy f^, at which the sign thereof chang s from + to -. Further, 
the susceptance component b becomes zero at the antiresonance frequency fap, at which the sign thereof 
changes from - to +. The conductance component g (one-dot chain line) has the largest value is at the antire- 

5 sonance frequency f^, and rapidly decreases and approaches zero. The value of the conductance component 
g assumes only the plus sign. 

The reactance component x (indicated by the solid line in Fig. 71) of the impedance 2% of the series-arm 
resonator becomes zero at the resonance frequency f re , and the largest value at the antiresonance frequency 
f a8 . Further, the sign of the reactance component x changes from + to -, and approaches zero from the minus 

10 side in a range higher than f^. The resistance component r gradually increases from zero to the largest value 
at the antiresonance frequency f^, and then gradually decreases. The resistance component r assumes only 
the plus sign. 

In order to obtain a filter characteristic, the antiresonance frequency f^ of the parallel-arm resonator is 
equal to or slightly smaller than the resonance frequency f re of the series-arm resonator. 

15 A graph depicted in the lower portion of Fig. 71 shows the band characteristic of the filter circuit. The pass 
band is formed around f ap » f re , and the other frequency range serves as an attenuation range. It can also be 
seen from Fig. 71 that b and x are respectively zero around the center frequency of the pass band. Hence, 
the pass band characteristic of the filter is determined by only rand g, and the following is obtained: 
S21 = 100/(100 + r + 50r-g + 2500g) (28). 

20 Since r > 0 and g > 0, S21 becomes smaller than 1 as both r and g increase, and the insertion loss written as 
20loglS2l! also increases. Hence, the insertion loss decreases as both r and g are closer to zero. 

A description will now be given of a consideration concerning which part of the interdigital electrode is re- 
lated to the resistance component r and the conductance component g. The above consideration takes into 
account a resistance r t inserted in the equivalent circuit shown in Fig. 5B. The resistance r, is the sum of the 

25 electric resistance component of the interdigital electrode and an acoustic resistance component correspond- 
ing to an energy loss encountered while bulk waves generated from ends of the fingers are propagated inside 
the substrate. The resistance component resulting from emission of bulk waves is little dependent on the shape 
of the interdigital electrodes, and is hence proportional to the electric resistance r^ of the interdigital electrode. 
Particularly, r = r A around the center frequency of x = 0. 

30 The conductance component g of the admittance of the parallel-arm resonator is proportional to the con- 
ductance Mr y of the electric resistance of the interdigital electrode. 
The following equation is known: 

r = ls-Po/<N 8 -VV.t) (29) 

where p 0 denotes the resistivity of the fingers of the interdigital electrodes, W denotes the width of each finger, 
35 t denotes the film thickness of each finger, l 8 denotes the aperture length of the series-arm resonator, and N 8 
denotes the number of finger pairs. 

The conductance component g is obtained as follows if the same substrate and the same metallic film as 
those used in the series-arm resonator are employed: 

g = N p -Wt/(l p -po) (30) 

40 where l p denotes the aperture length of the paratlel-arm resonator, and the N p denotes the number of finger 
pairs. It will be noted that p 0 , W and t in the parallel-arm resonator are almost the same as those in the series- 
arm resonator. 

Hence, an increase in the insertion loss in the equation (28) is expressed as follows: 

r + 50rg + 2500g = l 8 po/(N, Wt) + 50(l^ P )(Np/N.) + 2500N p .Wt/(( p p 0 ) (31). 
45 It can be seen from equation (31) that the insertion loss of the series-arm resonator becomes smaller as 

the aperture length l 8 and the number N 8 of finger pairs increase, and that the insertion loss of the parallel- 
arm resonator becomes smaller as the aperture length l p and the number N p of finger pairs increase. Partic- 
ularly, the insertion loss can be effectively reduced when yi p < 1 and Np/N 8 < 1, that is, when the aperture 
length of the series-arm resonator is smaller than that of the parallel-arm resonator, and the number of f inger 
so pairs of the series-arm resonator is larger than the number of finger pairs of the parallel-arm resonator. 

The reason for the above will now be described. In equation (31), r =* r 9 (r 8 : electric resistance of the series- 
arm resonator), and g = 1/r p (r p : electric resistance of the parallel-arm resonator), and therefore the following 
expression can be obtained: 

55 r = 50r-g + 2500g 

= r c + 50(r s /r p ) + 2500(l/r p ). 
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deteriorated. Hence, there is a limit on I, arid \ 

However, this is not practical in terms of mass P«*°J*- fi7 an<J 68> of tne , , te enth embodiment based 

^Con^X^^- 
embodiment, l, = 45,m and N, = ^ 

is I > I and N, > N„. Further, \JH 9 = 0.25, ana iy n, u . k t constant 

teid on the pU* of the number of finger pairs T^SSSS!^ ™* broken ,ine 282 ind ' H 
In Z 69 solid line 281 indicates the ^^^SSSm an insertion loss of 2.5dB, while 
cateTthe characteristteof the conven.iona f ^^STtTLrtlon loss is improved by 0.5dB n 
^e present embodiment has an inserts loss of ^.™**^ mhe ****** resonator is used, the 
other words. 25%. Further, since an in«eased numberof JJJ^SL „ improve d by 20%. 

breakdown power performance is ^proved ^hen [is equal to or less than 30^m, and the side 

,n the present embodiment a drffracho Hence, the I. and . p are limited to the above 

,obe starts to deteriorate when l„ is equal to or W «JJ"£ ^ band „ improved by decreasing he 

values It can be seen from the above that the insertion lossin ^ , arm (decreas ,ng the 

eSre*is^ 

conductance). It is also possible to » a panto • rjJJJJ to reduce the insertion loss in the pass band, 
series-arm resonator. Even with this *~ "f a wave filter according to a sixteenth embody 

A description will now be given, with reference to .IF* .72, of aw two SAW filters F1 

mentofthepUn* invention.^ 

and F2 having input terminals connected to a par of cc has a ir ^ si gnal term.nalsT2. A 
TheSAWfilterFlhasapairofslgnalter^ 
pair of signal lines l h and l e connects the nodes a ana d io 

Tend l e connects the nodes a and b to the SAW f Otor F* ^ & ^ SAW resonator Rp, 

ts Fig. 73 is a Smith's char, of the ^J^^S^ftfc^ a high-frequency-side attenu- 
wave«ter.Aindicatesalo^ 

ation band. It can be seen from ^^^SSS Aand b are greater than 50 a This means that the 
to 50 a while the impedances of the attenuation^ ^a^ristics of the respective band-pass filters, 
wave filter shown in Fig. 72 has the and 75 . of a wave filter according to a seven- 

«, Ade*criptionwillnowbegh^ 

teenth embodiment of the present invention. In Fig. 74 parra 

described figures are given the same <"^*^ M ^i*o B MU<t>*^JW™ 

p^fT^ 

- Sa^srsrF^ 

Can H e orr, d hef„torF2doesnothav ahighfrnpedancewKhinth low-frequency att nuation band A there- 



EP 0 541 284 A1 



of, and crosstalk may tak place. Hence, It is necessary to increas th impedanc within th low-frequency 
attenuation band A of the filter F2. 

An impedance matching circuit M for increasing the impedance in the low-frequency attenuation band A 
thereof is connected between the nodes and b and the filter F2. The impedance matching circuit M includes 

5 an inductor L, which is a high-impedance element for rotating the phase of signal. The inductor L has an in- 
ductance of, for example, 6nH. The inductor L can be formed with, for example, a metallic strip line made of, 
for example, gold, tungsten, or copper, and formed on a glass-epoxy or ceramic substrate. The strip line formed 
on the glass-epoxy substrate has a width of 0.5mm and a length of 11mm, and the strip line formed on the 
ceramic substrate has a width of 0.2mm and a length of 6mm. 

10 As shown in Fig. 75, the impedance matching circuit M provided for the filter F2 rotates the phase in the 
direction indicated by the arrow, and the impedance of the filter F2 in the low-frequency attenuation band A 
can be increased. 

Fig. 76 shows a wave filter according to an eighteenth embodiment of the present invention. In Fig. 76, 
parts that are the same as parts shown in the previously described figures are given the same reference sym- 

15 bols. The wave filter shown in Fig. 76 can be obtained by connecting a capacitor C, which corrects the quantity 
of phase rotation of the inductor L, in series between the inductor L and the series-arm resonator Rso. There 
is a possibility that a suitable impedance matching may be not obtained by means of only inductor L As shown 
in a Smith's chart shown in Fig. 77, the phase is rotated in the direction indicated by the arrow shown in Fig. 
77 first and is rotated by means of the inductor L second. 

20 Fig. 78 shows a wave filter according to a nineteenth embodiment of the present invention. The filter F1 
comprises the series-arm SAW resonator Rso and the parallel-arm SAW resonator Rp, which are connected 
so that the series-arm resonator is located at the first stage of the filter F1. The parallel-arm SAW resonator 
Rpo of the filter F is located at the first stage of the filter F. A line S for use in phase rotation is connected in 
series to the SAW filter F2. It is possible to increase the impedance of the filter F1 within the high-frequency 

25 attenuation band B thereof even by an arrangement such that only the f ater F1 has the series-arm resonator 
of the first stage. In this case, the resonator of the first stage of the filter F2 is the parallel-arm resonator Rpo 
connected in parallel to the pair of common signal terminals T0 f and the low-frequency attenuation band A of 
the filter F2 (corresponding to the pass band of the filter F19 does not have a high impedance. Hence, ac- 
cording to the present embodiment, the phase rotation line S is connected in series to the filter F2. 

30 As shown in Fig. 79, the direction of phase rotation caused by the line S is opposite to the directions shown 
in Figs 75 and 77. However, as shown in Fig. 80, suitable matching of the filter F2 can be obtained. In this 
case, the length of the line S formed on the glass-epoxy substrate is approximately 25mm, and the length of 
the line S formed on the ceramic substrate is approximately 26mm. 

A variation of the configuration shown in Fig. 78 can be made by providing the inductor L in the same man- 

35 ner as shown in Fig. 74. It is also possible to further provide the capacitor C in the same manner as shown in 
Fig. 76. 

The band center frequencies f t and f 2 of the sixteenth through nineteenth embodiments of the present in- 
vention are not limited to 887MHz and 932MHz. 

The present invention is not limited to the specifically disclosed embodiments, and variations and modifi- 
40 cations may be made without departing from the scope of the present invention. 



Claims 

45 1 . A SAW filter characterized by comprising : 

a first SAW resonator (21 , R1 A, R1B) having a pair of terminals and a predetermined resonance 
frequency {f^) t said first SAW resonator being provided in a parallel arm (24) of the SAW filter, 

a second SAW resonator (23) having a pair of terminals and a predetermined resonance frequency 
(fj approximately equal to a predetermined antiresonance frequency of the first SAW resonator (f ap ), said 
50 second SAW resonator being provided in a series arm (24) of the SAW filter; and 

an inductance element (25, L1) connected in series to the first SAW resonator in the parallel arm. 

Z The SAW filter as claimed in claim 1, characterized in that an aperture length (Ap) of the first SAW res- 
onator (R1 A) is larger than an aperture length (As) of the second SAW resonator. 

55 

3. The SAW filter as claimed in claim 1 , characterized in that a number (Np) of electrode finger pairs of the 
first SAW resonator (R1 B) is larger than a number (Ns) of electrode finger pairs of the second SAW res- 
onator (R2). 
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4. The SAW f Hter as claimed in claim 1 , charact rized in that the first SAW resonator comprises an exciting 
interdigital electrode (131), and first and second reflectors (132, 133) resp ctively located on opposite 
sides of the exciting electrode so that p is equal to 0.4 in which said p is defined in the following equation: 

d = (n + p)X 

where d denotes a distance between the exciting electrode and each of the first and second reflectors, 
n is an integer, p is a real number equal to or less than 1 , and X denotes a period of the exciting interdigital 
electrode corresponding to the resonance frequency. 

5. The SAW filter as claimed in claim 1 , characterized in that: 

the exciting interdigital electrode and the first and second reflectors comprises either aluminum 
or an aluminum alloy containing a few percentage of metal other than aluminum by weight; and 

film thicknesses of the exciting interdigital electrode and the first and second reflectors are equal 
to 0.06 - 0.09 times the period of the exciting interdigital electrode. 

e. The SAW filter as claimed in claim 1 , characterized in that: 

the exciting interdigital electrode and the first and second reflectors comprise either gold or a gold 
alloy containing a few percentage of metal other than gold by weight; and 

film thicknesses of the exciting interdigital electrode and the first and second reflectors are equal 
to 0.0086 - 0.013 times the period of the exciting interdigital electrode. 

7. The SAW filter as claimed in claim 1 , characterized in that said inductance element comprises a bonding 
wire. 



8. The SAW filter as claimed in claim 1, characterized in that said inductance element comprises: 

a ceramic package (81) accommodating a filter chip (82) on which the first and second SAW res- 
25 onators are formed; and 

a microstrip line (220) which is formed on the ceramic package and extends from the first SAW 
resonator to a terminal (84_a). 

9. The SAW filter as claimed in claim 1, characterized in that said inductance element comprises: 
30 a ceramic chip (82) on which the first and second SAW resonators are formed; and 

a microstrip line (230) which is formed on the ceramic chip and extends from the first SAW reso- 
nator. 

10. A SAW filter characterized by comprising: 

35 a plurality of first SAW resonators (R1 , R3, R5), each having a pair of terminals and a predetermined 

resonance frequency (frp), said first SAW resonators being respectively provided in parallel arms (62-64) 
of the SAW filter; 

a plurality of second SAW resonators (R2, R4), each having a pair of terminals and a predetermined 
resonance frequency (f re ) approximately equal to a predetermined antiresonance frequency of the f irst 
4Q SAW resonator (fap), said second SAW resonators being provided in a series arm (61) of the SAW filter 

and 

inductance elements (Ls) respectively connected in series to the second SAW resonators. 

11. The SAW filter as claimed in claim 10, characterized in that: 

45 each of the first SAW resonators comprises an exciting interdigital electrode (131), and first and 

second reflectors (132, 133) respectively located on opposite sides of the exciting electrode so that p is 
equal to 0.4 in which said p is defined in the following equation: 

d » (n ♦ B-X 

where d denotes a distance between the exciting electrode and each of the first and second reflectors, 
50 n is an integer, p is a real number equal to or smaller than 1, and X denotes a period of the exciting inter- 

digital electrode corresponding to the resonance frequency. 

12. The SAW filter as claimed in claim 11, characterized in that said inductance elements comprise: 

a ceramic package (81) accommodating a filter chip (82) on which the first and second SAW res- 
55 onators are formed; and 

microstrip lines (220) which are formed on the ceramic package and extend from the first SAW res- 
onators to terminals. 
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13. The SAW filter as claim d in claim 11, characters d in that said inductance elements compris : 

a ceramic chip (82) on which th first and s cond SAW resonators are formed; and 
microstrip lines (230) which are formed on the ceramic chip and extend from the f irst SAW reso- 
nators. 

14. A SAW filter characterized by comprising: 

a plurality of first SAW resonators (R1 , R3, R5), each having a pair of terminals and a predetermined 
resonance frequency (ffp), said first SAW resonators being respectively provided in parallel arms (62-64) 
of the SAW filter; 

a plurality of second SAW resonators (R2, R4), each having a pair of terminals and a predetermined 
resonance frequency (f re ) approximately equal to the predetermined antiresonance frequency of the first 
SAW resoantor (fap), said second SAW resonators being provided in a series arm (61) of the SAW filter, 
and 

inductance elements (L1, L2, L3) respectively connected in series to the first SAW resonators in 
the parallel arms. 

15. A SAW filter characterized by comprising: 

a first SAW resonator (Rpi-Rp3) having a pair of terminals, a first resonance frequency (f,p), and a 
first antiresonance frequency (f^) based on the first resonance frequency and a first capacitance ratio 
(t) and higher than the first resonance frequency, said first SAW resonator being provided in a parallel 
arm of the SAW filter; and 

a second SAW resonator (R^, R^ having a pair of terminals, a second resonance frequency (f re ), 
and a second antiresonance frequency (f^) based on the second resonance frequency and a second ca- 
pacitance ratio (t) and higher than the second resonance frequency, said second SAW resonator being 
provided in a series arm of the SAW filter, 

wherein: 

the second resonance frequency is higher than the first antiresonance frequency; and 
a difference between the second resonance frequency and the first antiresonance frequency is 
equal to a value which provides an allowable ripple range and an allowable insertion loss. 

16. The SAW filter as claimed in claim 15, characterized in that 

the first and second SAW resonators are formed on a piezoelectric substrate; 

the second SAW comprises an interdigital electrode which is formed on the pizeoelectric substrate 
and which has a predetermined period; and 

a normalized value obtained by normalizing said difference by the second resonance frequency 
is larger than zero, and is smaller than a defin ed by the follo wing equation: 

a = iWp(t 2 + t)/0.06 - x) 
where P is a ratio of an electrostatic capacitance based on an aperture length and a number of finger 
pairs of the interdigital electrode of the second SAW resonator to an electrostatic capacitance based on 
an aperture length and a number of finger pairs of an interdigital electrode of the first SAW resonator. 

17. The SAW filter as claimed in claim 15, characterized in that 

the first and second SAW resonators are formed on a piezoelectric substrate; 

the second SAW comprises an interdigital electrode which is formed on the piezoelectric substrate 
and which has a predetermined period; and 

said piezoelectric substrate comprises 36° Y-cut X-propagation LiTa0 3 (241); and 

the predetermined period of the interdigital electrode of the second SAW resonator is selected so 
that said normalized ratio is larger than zero and is smaller than said a defined by the following equation: 

a = 6.67x1 0-2/(4.22 Vp - 1) 
where P is a ratio of an electrostatic capacitance based on an aperture length and a number of finger 
pairs of the interdigital electrode of the second SAW resonator to an electrostatic capacitance based on 
an aperture length and a number of finger pairs of an interdigital electrode of the first SAW resonator. 

18. The SAW filter as claimed in claim 15, characterized in that 

the first and second SAW resonators are formed on a piezoelectric substrate; 
the second SAW comprises an interdigital electrode which is formed on the piezoelectric substrate 
and which has a predetermined period; and 

said piezoelectric substrate comprises 64° Y-cut X-preparation LiTa0 3 (241); and 
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th predetermined period of the interdlgital el ctrode of the s cond SAW r sonator is selected so 
that said normalized ratio is larger than z ro and is smaller than said a def in d by the following quation: 

a = 1.47x10-2/(4.37^? - 1) 
where P is a ratio of an electrostatic capacitance based on an aperture length and a number of finger 
pairs of the interdigital electrode of the second SAW resonator to an electrostatic capacitance based on 
an aperture length and a number of finger pairs of an interdigital electrode of the first SAW resonator. 

19. The SAW filter as claimed in claim 15, characterized in that 

the first and second SAW resonators are formed on a piezoelectric substrate; 

the second SAW comprises an interdigital electrode which is formed on the piezoelectric substrate 
and which has a predetermined period; and 

said piezoelectric substrate comprises 41° Y-cut X-propagation LiTa0 3 (241); and 

the predetermined period of the interdigital electrode of the second SAW resonator is selected so 
that said normalized ratio is larger than zero and is smaller than said a defined by the following equation: 

a = 2.273x1 0-V(4.52Vp - 1) 
where P is a ratio of an electrostatic capacitance based on an aperture length and a number of finger 
pairs of the interdigital electrode of the second SAW resonator to an electrostatic capacitance based on 
an aperture length and a number of finger pairs of an interdigital electrode of the first SAW resonator. 

20. A SAW filter characterized by comprising: 

a plurality of first SAW resonators (R p1 -Rp3). each having a pair of terminals, a first resonance frequency (f,p), 
and a first antiresonance frequency (fap) based on the first resonance frequency and a first capacitance 
ratio (t) and higher than the first resonance frequency, said first SAW resonators being respectively pro- 
vided in parallel arms of the SAW filter; and 

a plurality of second SAW resonators (R^, R^, each having a pair of terminals, a second reso- 
nance frequency (f re ), and a second antiresonance frequency (f^) based on the second resonance fre- 
quency and a second capacitance ratio (t) and higher than the second resonance frequency, said second 
SAW resonators being provided in a series arm of the SAW filter, 

wherein: 

the first and second SAW resonators are connected so that a ladder-type filter structure is formed; 

the second resonance frequency is higher than or equal to the first antiresonance frequency; 

a first outermost arm closest to either an input or an output of the SAW filter is said series arm, 
and a second outermost arm closest to a remaining one of the input and the output is one of the parallel 
arms; and 

one of the second SAW resonators provided in the first outermost arm has an impedance smaller 
than that of each of remaining second SAW resonators provided in the series arm and located inside said 
one of the second SAW resonators. 

21 . The SAW resonator as claimed in claim 20, characterized in that one of the first SAW resonators provided 
in the second outermost arm has an admittance smaller than that of each of remaining first SAW reso- 
nators provided in the parallel arms and located inside said one of the first SAW resonators. 

22. The SAW resonator as claimed in claim 20, characterized in that the impedance of said one of the second 
SAW resonators is half that of each of the remaining second SAW resonators. 

23. The SAW resonator as claimed in claim 21, characterized in that the impedance of said one of the second 
SAW resonators is half that of each of the remaining second SAW resonators. 

24. The SAW resonator as claimed in claim 20, characterized in that 

a first electrostatic capacitance based on a first product is larger than a second electrostatic ca- 
pacitance based on a second product; 

the first product is a product of an aperture length of said one of the second SAW resonators in 
the first outermost arm, a number of finger pairs thereof, and a dielectric constant of a substrate of the 
first and second SAW resonators; and 

the second product is a product of an aperture length of each of said remaining second SAW res- 
onators, a number of finger pairs thereof, and said dielectric constant 

25. The SAW resonator as claimed in claim 20, characterized in that each of said r maining second SAW res- 
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onators in the series arm comprises a plurality of SAW resonators connected in s ries, and has the same 
capacitance as said one of the s cond SAW resonators provided in the first outermost arm. 

26. The SAW resonator as claimed in claim 21, characterized in that: 

5 a first electrostatic capacitance based on a first product is larger than a second electrostatic ca- 

pacitance based on a second product; 

the first product is a product of an aperture length of said one of the second SAW resonators in 
the first outermost arm, a number of finger pairs thereof, and a dielectric constant of a substrate of the 
first and second SAW resonators; and 

10 the second product is a product of an aperture length of each of said remaining second SAW res- 

onators, a number of finger pairs thereof, and said dielectric constant. 

27. The SAW resonator as claimed in claim 21 , characterized in that each of said remaining second SAW res- 
onators in the series arm comprises a plurality of SAW resonators connected in series, and has the same 

15 impedance as said one of the second SAW resonators provided in the first outermost arm. 

28. The SAW resonator as claimed in claim 21, characterized in that the admittance of said one of the first 
SAW resonators is half that of each of the remaining first SAW resonators. 

29. The SAW resonator as claimed in claim 21, characterized in that: 

20 a first electrostatic capacitance based on a first product is larger than a second electrostatic ca- 

pacitance based on a second product; 

the first product is a product of an aperture length of said one of the first SAW resonators in the 
second outermost arm, a number of finger pairs thereof, and a dielectric constant of a substrate of the 
first and second SAW resonators; and 

25 the second product is a product of an aperture length of each of said remaining first SAW resona- 

tors, a number of finger pairs thereof, and said dielectric constant. 

30. The SAW resonator as claimed in claim 21, characterized in that each of said remaining first SAW reso- 
nators in the parallel arms comprises a plurality of SAW resonators connected in series, and has the same 

30 capacitance as said one of the first SAW resonators provided in the second outermost arm. 

31. The SAW resonator as claimed in claim 23, characterized in that: 

a first electrostatic capacitance based on a first product is larger than a second electrostatic ca- 
pacitance based on a second product; 
35 the first product is a product of an aperture length of said one of the second SAW resonators in 

the first outermost arm, a number of finger pairs thereof, and a dielectric constant of a substrate of the 
first and second SAW resonators; and 

the second product is a product of an aperture length of each of said remaining second SAW res- 
onators, a number of finger pairs thereof, and said dielectric constant. 

40 

32. The SAW resonator as claimed in claim 23, characterized in that each of said remaining second SAW res- 
onators in the series arm comprises a plurality of SAW resonators connected in series, and has the same 
capacitance as said one of the second SAW resonators provided in the first outermost arm. 

^ 33. The SAW resonator as claimed in claim 28, characterized in that 

a first electrostatic capacitance based on a first product is larger than a second electrostatic ca- 
pacitance based on a second product; 

the first product is a product of an aperture length of said one of the first SAW resonators in the 
second outermost arm, a number of finger pairs thereof, and a dielectric constant of a substrate of the 
first and second SAW resonators; and 

the second product is a product of an aperture length of each of said remaining first SAW resona- 
tors, a number of finger pairs thereof, and said dielectric constant. 
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34. The SAW resonator as claimed in claim 28, characterized in that each of said remaining first SAW reso- 
nators in the parallel arms comprises a plurality of SAW resonators connected in series, and has the same 
capacitance as said one of the first SAW resonators provided in the second outermost arm. 

35. A SAW filter characterized by comprising: 
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a plurality of first SAW resonators (RprR,*). each having a pair of terminals, a first resonance fre- 
quency (fjp), and a first antiresonance frequency (f ap ) based on the first resonance frequency and a first 
capacitance ratio (t) and higher than the first resonance frequency, said first SAW resonators being re- 
spectively provided in parallel arms of the SAW filter; and 
5 a plurality of second SAW resonators (R^, R^, each having a pair of terminals, a second resonance 

frequency (f re ), and a second antiresonance frequency (f^) based on the second resonance frequency 
and a second capacitance ratio (t) and higher than the second resonance frequency, said second SAW 
resonators being provided in a series arm of the SAW filter, 

wherein: 

10 the first and second SAW resonators are connected so that a ladder-type filter structure is formed; 

the second resonance frequency is higher than or equal to the first antiresonance frequency; 

a first outermost arm closest to either an input or an output of the SAW filter is said series arm, 
and a second outermost arm closest to a remaining one of the input and the output is one of the parallel 
arms; and 

15 one of the first SAW resonators provided in the second outermost arm has an admittance smaller 

than that of each of remaining first SAW resonators provided in the parallel arms and located inside said 
one of the first SAW resonators. 

36. The SAW resonator as claimed in claim 35, characterized in that the admittance of said one of the first 
20 SAW resonators is half that of each of the remaining first SAW resonators. 

37. The SAW resonator as claimed in claim 35, characterized in that 

a first electrostatic capacitance based on a first product is larger than a second electrostatic ca- 
pacitance based on a second product; 
2S the first product is a product of an aperture length of said one of the first SAW resonators in the 

second outermost arm, a number of finger pairs thereof, and a dielectric constant of a substrate of the 
first and second SAW resonators; and 

the second product is a product of an aperture length of each of said remaining first SAW resona- 
tors, a number of finger pairs thereof, and said dielectric constant. 

30 38. The SAW resonator as claimed in claim 35, characterized in that each of said remaining first SAW reso- 
nators in the parallel arms comprises a plurality of SAW resonators connected in series, and has the same 
capacitance as said one of the first SAW resonators provided in the second outermost arm. 

39. A SAW filter characterized by comprising: 

35 a plurality of first SAW resonators (RprR,*). each having a pair of terminals, a first resonance fre- 

quency (y, and a first antiresonance frequency (f ap ) based on the first resonance frequency and a first 
capacitance ratio (t) and higher than the first resonance frequency, said first SAW resonators being re- 
spectively provided in parallel arms of the SAW filter; and 

a plurality of second SAW resonators (R^, R^, each having a pair of terminals, a second reso- 
40 nance frequency (f re ), and a second antiresonance frequency (f^) based on the second resonance fre- 

quency and a second capacitance ratio (t) and higher than the second resonance frequency, said second 
SAW resonators being provided in a series arm of the SAW filter, 
wherein: 

the first and second SAW resonators are connected so that a ladder-type filter structure is formed; 
45 the second resonance frequency is higher than or equal to the first antiresonance frequency; 

a first outermost arm closest to an input of the SAW filter is one of the parallel arms, and a second 
outermost arm closest to an output of the SAW filter is another one of the parallel arms; and 

one of the first SAW resonators provided in at least one of the first and second outermost arms 
has an admittance smaller than that of each of remaining first SAW resonators provided in the parallel 
50 arms and located inside said one of the first SAW resonators. 

40. The SAW resonator as claimed in claim 39, characterized in that the admittance of said one of the first 
SAW resonators is half that of each of the remaining first SAW resonators. 

55 41. The SAW resonator as claimed in claim 40, characterized in that 

a first electrostatic capacitance based on a first product is larger than a second electrostatic ca- 
pacitance based on a second product; 

the first product is a product of an aperture length of said one of the first SAW resonators in the 
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second outermost arm, a number of f ing r pairs thereof, and a dielectric constant of a substrate of th 
first and second SAW resonators; and 

the second product is a product of an aperture length of each of said remaining first SAW resona- 
tors, a number of finger pairs thereof, and said dielectric constant. 

5 

42. The SAW resonator as claimed in claim 40, characterized in that each of said remaining first SAW reso- 
nators in the parallel arms comprises a plurality of SAW resonators connected in series, and has the same 
capacitance as said one of the first SAW resonators provided in one of the first and second outermost 
arms. 

10 

43. A SAW filter characterized by comprising: 

a plurality of first SAW resonators (Rpi-R^), each having a pair of terminals, a first resonance fre- 
quency (f^), and a first antiresonance frequency (f ap ) based on the first resonance frequency and a first 
capacitance ratio (t) and higher than the first resonance frequency, said first SAW resonators being re- 
fg spectively provided in parallel arms of the SAW filter and 

a plurality of second SAW resonators (R^, R^, each having a pair of terminals, a second reso- 
nance frequency (f re ), and a second antiresonance frequency (f^) based on the second resonance fre- 
quency and a second capacitance ratio (x) and higher than the second resonance frequency, said second 
SAW resonators being provided in a series arm of the SAW filter, 
20 wherein: 

the first and second SAW resonators are connected so that a ladder-type filter structure is formed: 

the second resonance frequency is higher than or equal to the first antiresonance frequency; 

a first outermost arm closest to an input of the SAW filter is said series arm, and a second outer- 
most arm closest to an output of the SAW filter is also said series arm; and 
25 one of the second SAW resonators provided in at least one of the first and second outermost arms 

has an impedance smaller than that of each of remaining second SAW resonators provided in the series 
arms and located inside said one of the second SAW resonators. 

44. The SAW resonator as claimed in claim 43, characterized in that the impedance of said one of the second 
SAW resonators is half that of each of the remaining second SAW resonators. 

45. The SAW resonator as claimed in claim 43, characterized in that each of said remaining first SAW reso- 
nators in the parallel arms comprises a plurality of SAW resonators connected in series, and has the same 
capacitance as said one of the first SAW resonators provided in the series arm. 

35 46. A SAW filter characterized by comprising: 

a first SAW resonator (21 , R1A, R1B) having a pair of terminals and a predetermined resonance 
frequency (frp), said first SAW resonator being provided in a parallel arm (24) of the SAW filter; and 

a second SAW resonator (23) having a pair of terminals and a predetermined resonance frequency 
(f re ) approximately equal to or higher than a predetermined antiresonance frequency of the first SAW res- 
40 onator (f^), said second SAW resonator being provided in a series arm (24) of the SAW filter, 

a first electric resistance (rs) of an interdigital electrode of said second SAW resonator is smaller 
than a second electric resistance (rp) of an interdigital electrode of said first SAW resonator. 

47. The SAW resonator as claimed in claim 46, characterized in that: 
45 an aperture length (Is) of the interdigital electrode of said second SAW resonator is smaller than 

that (lp) of the interdigital electrode of said first SAW resonator; and 

a number (Ns) of finger pairs of the interdigital electrode of said second SAW resonator is larger 
than a number (Np) of f inger pairs of the interdigital electrode of said first SAW resonator. 

so 48. The SAW resonator as claimed in claim 46, characterized in that a film thickness of the interdigital elec- 
trode of said first SAW resonator is smaller than a film thickness of the interdigital electrode of said second 
SAW resonator. 

49. A band-pass filter characterized by comprising: 
55 a plurality of SAW filters (F1 , F2), the SAW filters having respective pass bands and SAW resona- 

tors; 

a pair of input terminals commonly connected to the plurality of SAW filters; and 

a plurality of pairs of output terminals respectively connected to the plurality of SAW filters. 
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50. The band-pass filter as claimed in claim 49, charact riz d in that each of the SAW filters comprises a 
series-arm resonator located at a first stage of each of the SAW filters. 

51. The band-pass filter as claimed in claim 50, characterized by further comprising an inductance element 
(L) located between at least one of the SAW filters and the pair of input terminals, and connected in parallel 
to said at least one of the SAW filters. 

52. The band-pass filter as claimed in claim 51 , characterized by further comprising a capacitance element 
(C) connected in series between said inductance element and said series-arm resonator. 

53. The band-pass filter as claimed in claim 49, characterized in that 

a first one (F1) of the SAW filters comprises a series-arm SAW resonator located at a first stage 
of said first one of the SAW filters, and a parallel-arm SAW resonator connected to said series-arm SAW 
resonator; 

a second one (F2) of the SAW filter comprises a parallel-arm SAW resonator located at a first stage 
' 5 of said second one of the SAW filters, and a series-arm SAW filter connected to said parallel-arm SAW 

resonator located at the first stage of the second one of the SAW filters, and 

that the band-pass filter further comprises a line (S) used for phase rotation and connected in ser- 
ies between one of the pair of input terminals and the second one of the SAW filters. 

20 54. The band-pass filter as claimed in claim 53, characterized by further comprising an inductance element 
located between the first one of the SAW filters and the pair of input terminals, and connected in parallel 
to the first one of the SAW filters. 

55. The band-pass filter as claimed in claim 54, characterized by further comprising a capacitance element 
25 (C) connected in series between said inductance element and the series-arm resonator of said first one 

of the SAW filters. 
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